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En Tho9en^nxxlnc«lk«<rfii^uoiyyiAaiiai(»^<»bo 
Stwwi upon methanol as m cartxm source to produce atogto 
ceO protein (SCP). By toe m u d W ca Uon the genes sp ecifying 
matoenoi oxidase (MO) ^^^f^S^Z 
(MOH) enzymes, used In too norma) metabofc pathways By 
wHch the i nluw y aM n s con*" 1 methBn0< te fr^ irTffS 
«, replaced by sdh gene. ^^^^^^^ 
dehydrogenase (ADH) enzyme catalyst for toe oxidation of 
SSto temaktehyde. The modmed n^oorg^ten has 
#i increased energetic efficiency In utMztog carbo n, raeraoiy 
*J IhamodWedmteo o rg a n a m Is derived from Moto ywpt e usme- 
" toytotropnus. The dsims cover genetlcaOy mo<ffl»edmicroor- 
_ oantems. a metood of making genetfcafly modfled ><^**9*- 
* rismVand a process for the production ot single ceO preteto. 
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ma invaitl m relates to the production and use of 
geaetdcalOy-oodif led adgriyrrprnlmn and la particnlar to a pro- 
oeas for the production of single call protein (SEP) by cultor-. 
5 iag geoetloallTHnodlfled- bacteria upon a culture medium contain- 
ing methanol, to ganatlcally-oodifiad bactaria for use in the 
sad to a method for making- snob, geneticallyMnodified 
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3a oar UK patent lb. 1570892 ve describe and claim a 
for the production of SCP in «bich bacteria belonging 
^feer alia to the species WgWrrlcmhilns marfchrlotroubns (forsreriy 
rMMM< T^-^^, aa ^wrBwlotionba) are cultivated in an aqueous 
medium comprising- methanol as a carbon source and appropriate 



inorganic nutrients. In such, a process it is desirable that a 
15 high carbon conversion (i.e. conversion of substrate or methan- 
olic carbon into cellular carbon) is achieved- Erom studies of 
the carbon limited (i.e. methanol limited) continuous growth of 
gg^LooMlua mgthrlotioohns in a cbemostat ve have learned thai 
gEOvth is limited not only by the supply of carbon but also by 
the concommitant supply of energy. Bins carbon <*nversion can 
be improved if the microorganism is made more energetically 
efficient, i.e. if it is genetically modified to reduce the 
energy consumed by its own metabolism or increase the yield of 
energy to the cell, m our TK Patent Ho. 2005926B and our pub- 
lished Bnropean Patent Application So. 35331 « have described the 
genetic modification of methanol utilizing microorganisms such as 



20 



25 



7 



0066994 

2 B 3M74 

Mathylophilus methrlotrophns by replacement of one pathway far 
ammonia assimilation with another which is energetically more 
favourable in tpA ** 1 ^ to improve carbon converyrf on when these 
microorganisms are used in a process for the production of 
5 single cell protein. 

Moat wrt ^n yrrg" 1 ^ qmq capable of growth, upon methanol 
as & source of carbon and energy are < ^ rnrrwrt to metabolise methanol 
to formaldehyde* Two distinct classes of reactions hare been 
identified for this metabolism* namely: - 
10 (a) in yeasts capable of growth upon methanol, a methanol 

oxidation reaction, involving molecular oxygen and 
producing hydro ge n peroxide catalysed by the 

methanol ooddase (HO), 1J * > *'** > is summarized in 

equation. (1) 

15 0) GHjCE + o 2 > h^o 2 + mm 

no energy is conserved as AJEP in this reaction; 
(b) in bacteria capable of growth upon methanol, a 

nrWfln-fr-f reaction ******** does not involve molecular 
oxygen directly but which uses an alternative electron 
20 acceptor vhich, in the case of the microorganism 

Metfrrloohilua metfarlotroofans, is oxidised cytochrome c. 
T+rfg reaction is catalysed by the enzyme methanol de- 
hydrogenase (HUE) and is summarised in equation (2) 
(2) GHjQE + Cyt c > BDED + Cyt c 
25 oxidised reduced 

The red uced cytochrome c is reazidised, to enable it to be re-used 
in the reaction, by a complex ******* of electron carriers with any- 
gen as the final oxidant in the reaction producing water* The 
metahol * sm of methanol to formaldehyde by this reaction provides 
30 sufficient energy to enable one mole of ATP to be synthesis ed from 
qua mo le of AEP mA *?n o mole of inorganic phosphate for each mole 
of methanol vhich is so oxidised* The AX? so synthesis ed in avail- 
able for use in the biosynthesis of cellular materials* 

»Wm exac t mechanism by which ASP is produced and/or used 
55 is immaterial* However more efficient use of AEP in biosynthesis 
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or the synthesis of mora AIE pear mole of methanol metabolised 
ttett is achieved in reactions (1 ) and (2) wuld mate metabolism 
more energetically efficient and increase carbon conversion. Bo 
HP la conserved by the mechanism of reaction 1 using MD. The 
taction fflschanism of reaction 2 using MS leads to the conserv- 
aticn of one mole of ASP, equivalent to approximately 8 I calories/ 
Bole of useful biosynthetic energy per mole of methanol oxidised 
to formaldehyde. Hbeever the oxidation of methanol to formaldehyde 
yields in" excess of 50 Z calories of heat. Thus the biologically 
catalysed reaction *hen carried out in mathanol-utilizing bacteria 
naing ME is approximately 16)6 efficient in terms of energy con- 
served as HP. When carried out in methanol-utilizing yeasts 
using® it is even less efficient. Replacement of an existing 
enayaatic system for methanol metabolism in a metbsnol-otilising 
15 microorganism by an alternative enzyme system *hich ie energetic- 
ally more efficient «LLL provide improved carbon conversion by 
this microorganism in a process for the production of SCP. 
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•BmlnamtloP of _ _ — 

la this specification the terms and symbols listed below 



20 have the meanin g s gtvens- 

jjp - adeaoaine diphosphate; 

UP - aftwnofffnn triphosphate; 

H fl p(P) - nicotinamide adenine dinucleotide 

(or HAD phosphate) in its oxidised 
2^ f orm; 

ffATO - nicotlnainida adenine dinucleotide (or 

HAD phosphate) in its reduced form; 
pTA - aeoayrttonucleic acid - genetic 

material of all self-replicating 



nffl gene - the gene specifying methanol dehydio- 

g aas e (MEE) the key enzyme for 
methanol metabolism present in 
methanol-atilizing bacteria* 

- _ the "Hichaelis constant" of an enzyme 
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for its substrata, being equal to 
the concentration of the substrate 
at which the reaction rate la £ its 
maac f mum rate* Star an enzyme obeying 
5 c l a ssi c a l Mchaelis reaction kinetics 

it is equal to the dissociation con* 
stazrt of the enzyme substrate complex* 

mo gone - the gone specifying methanol oxidase 

(HO) , the key enzyme for methanol 
10 metabolism present in methanol— 

utilizing yeasts. 

adh - a gene specifying an alcohol dehydro- 

genase (ilH), an enzyme which norm- 
ally catalyses the reaction:- 

15 BCB^QH + HAD(P) < ^BCHD + K4D(P)H 

where 2 is an unbrsnchsd allcyl givup, 
usually a methyl, ethyl or propyl 
group, i.e» BCH^QH is a primary 
alcohols 

20 According to the present invent ion we provide a process 

for the production of single cell protein by aerobically cultivat- 
ing a genetically— modified, methanol— utilizing o x o o e g an i am in an 
aqueous culture medium comprising methanol as a source of assimil- 
able carbon and inorganic nutrients wherein the methanol-utilizing 

25 microorganism has been genetically modified to reaove from it the 
gene or genes coding for the aizyme activity of methanol dehydro- 
genase (HEE) or methanol oxidase (20) and to replace this by in- 
sertion of USA material comprising an adh gene capable of express- 
ing an enzyme catalyst for the oxidation of methanol to formaldehyde* 

30 further according to the i nventi on ve provi de aerobically 

cultured microorganisms of one or more species which are capable of 
utilizing methanol as a source of carbon and energy which have been 
genetically-modified to remove the gene or genes coding for the 
enzyme activity of methanol dehydrogenase (HDS) or methanol oxidase 

35 (MD) and to replace tills by ISA. material c omprising an adh gene 
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of ^Bli^ an ^ catalyst for 1±a axidatica of 

methanol to formaldehyde. „ , 

jurthsr according to the toreotlon « provide a ob«»4 
for making a gm^tioal^diflad, methanol-ntilising micro- 

. . _ ln _ inir m a nethanol^ztllizliW ndcrooxganlBn the 

organism by replacing- an a uw— - 

■ZToTgenes coding for the enzyme activity of methanol dehydro- 
LaL. (HIE) or methanol oxidase (®) by IHa material comprising 
. adh gene capable of expressing an ^ ^f*^^ _ 

oxidation of methanol to formaldehyde idiich. method comprises the 

atepe of (1) cbtaining from a first Moroorganiam having a& 

gaTbyin^crinvivomeensa 

^p,^ a matant of a methanol^tili^ 

LLiant in the gene or genes ooding *~ ^J^"^*" 
methanol dehydrogaoaae (KB) or methanol oridase (H», and (3) 

transferring eaid adh gene on a actable *^ ^ * 88C ~* 

-~ . , irm a , tea may be the gene deficient 

mi ■ uuHjiiDliM B» second mteroor^nM» ~— 

^tenaed as the ultimata recipient of the adh gene or it 
y — n.i....ftMHntn the SI material c o mpHfrtng the adh gene 

3& to* M ii r»evf ^ / _\ 



1 dng transf erred via one or more intermediate mfcaoorganismCa) 
20 from the first microorganism to the mntan* deficient in^ gane 
oT^ee .coding fox - the ^ma activity of or « . Prefer^ 
the intermediate recipients ere strains tfwre erpression 
adh «ene can be screened. 

— ^ compariaon vith knom methsnol^iliaing micrcorgani^ 

25 the oxidation of methanol to f orealdahyde in the genetically-modified 
ItLorgani.ms of the invention is energetically more efficient. The 



reason for this is discussed below. 

Consider the oxidation of ethanol to acetaldehyde by 
ethanol-otilising micxoorsanisms. This is catalysed by an alcohol 
30 dehydrogenase (HE) enzyme and proceeds according to the action ( 5 ): 

(3) CJjm + BaD(P) > WBM* * CZ f 3D 

m this case the electr^eptor is SaD(P) and the Hal)(P)H pro- 
ceed in the reaction may be used directly for biosynthesis or may 
be reoxidised by a complex mixture of enzymes, electron carriers 
35 and oxygen. This process (oxidation of EAI>0?)H, by oxygea) yields 
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5 moles of iZP from 3 moles of ADP and Inorganic phosphate per 
mole of HAD(P)H oxidised in suitable organisms. Ems, if the 
synthesis of one mole of ASP is equivalent to 8 £ calories, 
approxi mately 24 K calories of useful biosynthetic energy is 
5 conserved from the 50 E calories approximately produced in this 
reaction in Which ethanol is converted to acetaldebyde and which 
is potentially available for conservation* The energy conversion 
effioiency is thus 4&9& approximately • We have found that certain 
alcohol dehydrogenase enzymes and in particular certain ethanol 

10 dehydrogenase *wt"«^ are capable of orrfrlt fling methanol to form- 
aldehyde using HAD(P) as an electron acceptor and producing* 
KAD(P)H* Incorporation of such alcohol dehydrogenase enzymes into 
methanol -nfrf 11 grf n g microorganisms in accnTdanca with the present 
invention vf 11 therefore increase nni-rrgy conversion noticably and 

15 hflff*^ increase carbon conversion fliirfng an SBP production process* 
In particular astbauol-vtilizing microorganisms such as methanol - 
utilising yeasts, which contain a methanol oxidase and hence 
oxidise methanol by reaction (1) above in which no energy is con- 
served as ASP, will be greatly improved in terms of increased 

20 effioiency if the methanol oxidase is replaced by an KAD(P)-»linked 
alcohol dehydrogenase capable of catalysing the oxidation of 
methanol to formaldehyde* 

Microorganisms which can usefully be modified by the 
method of the i nventi on to incorporate an adh gene Include the 

25 following ni e** i y nr »"i— >r fc'*T * bacterias— 

Mftthj^l o^^^^n^ ^ o ^hj^o^^tM^hj ^^ — <*nT h i i pe s of a Dcccpb e ^ of s trains of 
which are deposited as follows and are described in UE Patent 
Specification 36* 1370892:- 

BC3B 10508-10515 and 10592-10596, all inclusive; 

50 HEEL 3 5352-B 53^4 inclusive; 

FEE 1215-1227 inclusive; 
Qeneti cal ly-modi fi *4 Hethrlouhilus mBtfaylotrophns produced by the 
method of published European Patent Application Sbo 35851 and a 
culture of which is deposited as 2JEEB 11585. 

35 Psendomonas martfaylonica - the characteristics of which are described 
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in UK Specification Ho* 1451020 and a culture of wh i ch is deposited 
as follows- 

1ST 2247 and 224* 
Pgendfljggag methanolica - TIE Specification So* 1352728 - ATTO 21704; 
5 paecdomanas ro. — UK Specification Bo. 1526582 - AffiC 21458 

and 21459; 

Methrlomanaa methanolica^ TIE Specification Hb. 1420264 - HEEL 3 5458; 
Psendamonas ufrpia - UK Specification No* 1444072 - SSI 1690 

and 1651? 

10 PagndflBMPas It?*™"** - UK Specification Bo. 1444072 - EBI 1695 

and 1694; 

Mathylfflaonaa clara - USP 4166OO4 - ATCC 51226; 
and tiie methanol-utiliaing yeasts, for example methanol-utn 1 Trtng 
strains of ths genera Candida* Eanaennla mA Pi^fr**T 
15 HB: BdB is the BafcLcnal Collection of Bidnstrial Bacteria* 

I betpflecttf Scotland, UK* 
IBEL is the Collection maintained by the US Department 

of igricoltnre, Peoria, Illinois; 
ATOC is the ftmprfcm Type Culture Collection; 
20 5BX is the Teasnentatian Research Institute, 



Such microorganisms may be used in processes for the 
production of SKIP therein* after modification by the method of 
the invention, they are aerobically cultured in an aqueous medium 
25 containing methanol as a scarce of assimilable carbon and inorganic 
nutrients* followed by recoveay of SCP from the culture medium* 

The conditions of the process for producing SCP are ceo* 
veniently as described in UK Patent Specification No. 1570892* 
In the method of the present invention for making a 
50 genetically-modified microorganism, step (1 ) can be used to pro- 
duce any suitable repliccn containing the adh gene. However the 
replican is preferably a plasmid vector. 

Ta the invention the source* of the adh gene capable of 
expressi ng an enzyme catalyst far ths oxidation of methanol to 
55 formaldehyde, i.e. the first microoigani am of the method of the 
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invention, la suitably a strain of the species Bacillus 
< rf aaw th««P T ^4-»«H which exhibits adh activity on. methanol. 
Preferably the strain of TtarrfTIng ^.^rotheamiDbn.-aa is a strain 
of n.Mn M ^^rrrrfchamcnhilnfl var Bfan aiastaticus which -exhibits 
5 adh activity on, methanol. Sucna^strain of Bacillus 

atearotherooubilus var M **»«rfei±tgra is strain B2 166 described 
by V Grossowics and I Epstein, J. Bacterial., 22» P 414, 1969- A 
culture of strain 332 166 has been, deposited at the national 
Collection of industrial Bacteria (HCIB), Jtarrey Besearch Station, 
10 PO Box 31, 135 Abbey Hoed, Aberdeen, Scotland, UK and has been 

given the accession number BCD Hot all strains of Bacillus 

■^^rthm^Mina exhibit adh activity on methanol, e.g. such 
acttvity is not exhibited >r rtaarothermo"™-'™' «™ 8924 

vhlch ia therefore not suitable for use as the first microorganism 
15 in tiie method of the invention* 

3a tits method of the invention, when the adh gene is 
transferred from the first microorganism to the ultimata recipient 

■1 ganiam using an intermediate microorganism, it is preferred 

that tiie intermediate microorganism is a strain of 3. coli which, 
20 lacks the adh gene. Bref erahly the adh gene is transferred from 
the first microorganism to the intermediate microorganism using a 
derivative of the plasmid BJOOb such as the plasmid p3B 107. 

Bare are several consequences resulting from the intro- 
duction of an adh gene into a methanol-utilising microorganism by 
25 the method of the present i nven t i on. The most important of these 
as indicated above is improved, carbon conversion in the SEP prodnc- 
tian process. Bets could be as high as a 20 to 30# improvement in 
molar growth yield from methanol. The high Em of ADS for methanol 
is s uch t hat the modified microorganisms of the invention are 
30 preferably grown in the presence of methanol concentrations which 
are higher than those generally used in the process of HE Patent 
Specification Ho. 1370892, e.g. methanol concentrations in the 
range 5 - 500 mM. The effect of the higher starting concentration 
of methanol required for carbon limited growth is to make the 
35 or ganism much less sensitive to fluctuation in methanol concent r a ti on 
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because tha range of methanol ccnotzatiop in whinh catbaa limit- 
atlan (and hence efficient growth) ia maintained is now nnzch wider* 
In consequence tha necessity for complex methanol distribution 
systems ia the ferment era used in the SCP production process, e.g. 
5 systems such as that described In HE Patent Specification So. 
15235Q3* Is greatly reduced. Other consequences of the genetic 
modification Innlnflft decreased heat of fermentation and consequen- 
tial reduction In cooTtng costs, reduced oxygen requirement per 
tonne of product end consequential i rwl iiff t i in ga s compre ss ion 
10 costs and the decreased evolution of carbon dioxide per tonne of 
product produced allowing sere efficient use to be made of f enaant- 
atlan variables such as pressure* 

Tha invention is illustrated by the following Examples- 

15 ttanaf ear of adh gene from MMfla, stearotheragphllpg tot Hon 
diagtettcM strain into ^j|rtfagl£ gh*Tjj^ ^ 

Bie adh gene was * ferrr**^ from ^^^a 
stearotheaaaonhilns Tar Bon diastaticus strain D2 166, mm**^ contains 
an adh gene flnrfrfMtlTig activity on methanol, into ygBryinmMi™* 

20 metfaylotropbns strain HCIB 10515 by the method described below. 
1. Development of vector 

She adh gene from strain 12 166 was placed on plasmid 
pSB 107 (a derivative of plasmid R300b used in the method of 
European specification 35a 51). This waa done by catting the plasmid 

25 Ml using the restriction enzyme X ho 1 and inserting IDA containing 
the adh gene from IB 166 into the plasmid MA* 'Xhe modified plasmid 
pTB 107 carryi ng the adh gene was placed in an B. coli strain which 
was adh" and ace" (i.e. lacked the adh and the pyruvate dehydro- 
genase genes). Restriction enzyme X ho 1 cats the pi MA at 
r t 

30 the site of the Bn gene (i.e. the gene specifying kanamycia 

resistance)*. Thus the insertion of foreign TEA at the X ho 1 site 
destroys kanamycia resistance and c ells containing MA inserted as 
described are kanamycia sensitive Km 3 . Treated E. coli cells were 
screened in the following 3 alternative ways to find cells contain- 

35 ing tiie plannrfd pEB 107 bearing the a tih gene:- 
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Alt^atlvSLl - the UU. cells used had 
action to these cells of plasmid pTB 107 ""^^ *^ 
cans to which the saccate requirement is 
rfhanol . such cells having the succinate requirement pertly 
alleviated vere sought by < S cnvautienal screening procetees; 



j^l- treated S^k cells vere reacted «* « J* 
have received plaamid* beaxing-adh genes; end 

^a^- apiece of m was c^ - 
00 arytoamsequence which, fro. its amino acid sequence, eanhe 
predicted to be a part of the m sequence cf the afe gene. The 
conatEnc ted ML was radlcacttvely labelled and vas need In 
hyta±di33tlail experts to Li**** clone* of fc^naaycin sensitive 
cells which possess the Btt sequence for the adh gene. 
15 ^ Production of mdh~ mntant o f BCIB 10515 

^ j^i* motant of strain BCIB 10515 *as produced by 

cells of BCD 10515 to cause an inability to grow on 
as the sole carbon source. The mntafeLon can occur in 
any of the following wayss- 
20 (a) in the structural mdh gene? 

ft) in the gene for the synthesis of the co-factor for mdh? 

(c) • in the gene for the synthesis of the specific cytochrome C 

for the ndh gene? and/or 
(4) in a gene or genes involved in the regulation of the genes 

25 need in £aj, (b) or (c). 

5. ew-* *"» of agh into man" HCT3 10515 

piaaadpTB 107 cannot aobilise itoelf into cells of fidb 

strain BOD Ho. 10515, i-e. pTB 107 is not transferred from a 
strain carrying' p3S 107 to another strain. This « 
30 overcome by inserting into the B^oli cells containing pTB 107: 
adh « additional plasmid which can mobilise itself into cells of 
3". BCD 10515. The extra plasmid inserted was HP4 whose properties 
"lable it to provide a method for the transfer of plasmids such as 
plasmid pTB 107sadh from one cell to another. fcjjJi cells were 
35 theref ore t«eoared containing the plasmids pTB 107 :adh and HP4. 
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i yfergptom ycin resistance ma^a** (sn 7 ) la carried by r*i*<n^ 
p£B 107- ribT BCIB 10315 lacks this resistance* This strepto- 
mycin resistance vas then used to select for transfer of pOS 107 
adh to wStT BCIB 10515- 
5 TXsing plasmid EP4, plasmid pSB 107 bearing the adh gene 

vas transferred Into BCIB 10515 to produce a s train of Metigloohilgg 
metterlotroohns modified according to the i n ve nti on to ™m+^*i an 
adh gene capable of expressing an- enzyme catalyst for the "^-H ^t ti 
of me thano l to formaldehyde** - 



12 Ifey 1982 
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1 A process for the production of single cell protein by- 

cornea gsnsticeaiy-mocdfdsd, 

wi*«tk» madias i. uimrrf tl-nff methanol 



tag microorganism la an acjxeous coltara 
as a source of assimilable carbon and inorganic nutrients farcin 

th* mathanol-utilizir* 

to remove from it the gena or genes coding for the enzyme activity 
of na thanol dehydrogenase (MDE) or methanol oxidase (MD) and to 
^ ma by insertion of HU. material comprisiiiganadh gene 
enable of expreaaing aa enzyme catalyst for the oxidation of 
methanol to famaldfihyde. 

2 A process accoxdiag to claim 1 idierein the genetically 

.nodded microorganism is derived from one or more attains of the 
imnnlnn «-*i"fi«"*«T™ mo-hfrrrlotromfana. 

7 i, process according to claim 2 idwrein the genetically 

.^.4 ..icxooaaniam is derived from one or more of the strains 



K3B 1O50&-1O515 and 10592-10596 incisive. 
4. A. pxocess according to olaim 1 herein the genetically 



is derived from one or more of the strains 
EHT 2247, Htt 2248, ATCC 21704, ATCC 21458, ATCC 21439, HEEL B-5458, 
JBI 1690, m 1691, SI 1693, m 1694 and ATCC 51226. 
5 Aerobically cultured microorganisms of one or mora species 

iicn are capable of utilising methanol as a source of carbon end 
energy *hich have been genetically-modified to remove the gene or 
ge^es coding for the enzyme activity of methanol dehydrogenase (HEE) 
or aethanol oxidase (M0) and to replace this by ISA. material compris- 
ia* an adb gene capable of expressing an enzyme catalyst f or the oxid- 
ation of methanol to formaldehyde. 

6 Aerobicaiay cultured microorganisms according to claim 5 
produced by the genetic modification of one or more strains of the 
species »-*Y"" m1m mftthylotroohns. 

7 Aerobically cultured microorganisms according to claim 6 
produced by the genetic modification of one or more of the strains 
SCTB 10508-10515 and 10592-10596 Inclusive. 

8 Aerobically cultured microorganisms according to claim 0 
produced by the genetic modification of one or more of the strains 
WL 2247, IBI 2248, ATCC 21704, ATCC 21433, ATCC 21439, HEEL »-5458, 
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SET 1650, IEX 1691, 'SSL 1693 1 IHI 1*94 and ATCC 31226* 

9. . A method for making a gmetically-modified, methanol-atilis- 
lag microorganism by replacing in a matfaanol-srirn Ifttng microorganism 
the gene or genes coding for the enzyme activity of methanol dehydro- 
genase (MDH) or methanol oxidase (HO) by ISA material comprising an 
adh gene capable of expressing an enzyme catalyst for the oxidation 

of methanol to formaldehyde which method comprises the steps of (1) 
obtaining from a first microorganism having the adh gene by in vitro 
or in vivo means a repliccn containing said gene, (2) gmtftirrfng a 
mutant of a methsnolnxtilising microorganism deficient in the gene or 
genes coding for the enzyme activity of methanol dehydrogenase (HQS) 
or methanol oxidase (HQ), and (3) transferring said adh gene an a 
suitable vector into a second microorganism* 

10. A method according to claim 9 wherein the second micro- 
organism is the ultimate recipient of the adh gene* 

U« JL me t h od according to claim 9 therein the second micro- 

organism is an istesnediate microorganism and MA material comprising 
the adh gene 'is transferred via one or more intermediate micro—; 
organism(a) from the first microorganism to the mutant deficient in 
the gene or genes coding for the enzyme activity of HDE or HD. 
12* A method according to any one of claims 9 to 11 wherein in 

step (l) the repliccn containing the adh gene is a plasmid vector. 
13- A method according to any one of claims 9 to 12 wherein the 

first microorganism is a strain of the species Bacillus 

fft AflTf rt^ frt^TTnfl^M l Tft fl ^it^ f eo^libits fl^T tivi ky On T fltf ' fciigrnrt1 > m 

14. A method according to claim 13 wherein the first micro* 

orgrarf nm is a strain of Bacillus stearothennoohilra var Ben 
diastaticna which exhibits adh activity an methanol* 
15 • A method according to claim 14 wherein the first micro— 

organism is Bacillus stearothgnonhilns strain D2 166 (JSEIB UT39)« 
16 • A method according to any one of cl alms 9 and U to 15 

wherein an intermediate microorganism is used which is a strain of 
E» coli« 

17* A method for making a genetically modified mi cr oo rganism 

substantially as described and as shown in the Example* 



